PATENT 



AND PIXEL VALUES 

ClaimofPriority 

5 , u «t nf US Provisional Application No. 

Tto paten. appHcat.cn claims the ^ ^ ^ 971 , 09/496 ,364, 
+ 10. 1Q99 and US. Application Nos. oy/4«,y /i, 
60/ l49,796 filed August 19 1999 and 
09/496,533, 09/496,607, filed February 2, 2000, wnicn 
reference in their entirety. 

Baj^cgrcmnd^^ 
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n relates to imagtng -ices more parncnlarly, » 

Descriptior^^ . of Ug ht 

detecting elements or puels wh rf 

25 ta.geof.hesceneviewedby.he^ay. ^ ^ ^ 

elements. The array g ^ orgamzed m a 

such that neighboring pixels may have mfferen. 
30 particular pattern. 



Becausefch pixel is typ.cally on.y capable of detecting a s.ng,e oo.or, 
convention. , m a gl n g devices unhze a process by whrch all of the color components are 
reconstructed for each p.xe, m order maintain the orig ina, unf^ed anay — 
To reconstruct the coior components, conventual hnaging dev.ces use a process 
color mterpolation that ,s period after an analog signal assocated w,th each p,x. 
has been digitized. The convention, process of color mterpolatton performed after „ 
wios signal associated with each prxe, has been digrfzed quires convers.on from 
analog to drgttal (A/D) and may reomre extensive computations in order to achteve 
hlg h qualtty color presentation of the image. The A/D convers.on and extens.ve 
dpLons may re,u,re hardware, such as analog-to-digita, converters 
„, pressors and software. The hardware and software may add to 
complLy.srzeandexpenseofthetmagingdev.ceandreducethespeedofthe.magmg 

""Each pixel represents a sample of the scene and hence tsadata value in the two- 
dnnens.on tmage produced by the tmagmg system. Defect pixels, common* 
refOT ed to as 'bad p.xels/ are caused by an array defect and do not provtde , e corre 
llg ht intensity value. Bad pixels appear as ima g e artrfacts that can reduce the m,ge 
q al.ty sign.ficantly. In particular, a bad pixel produces an output s.gna, that 
.gniflant" deva.es from the mean output level of accent pixels when the exposure 
le Te, of allprxels is unified. P,xe,s that are s.gnrfcan.ly brighter than adjacent prxels ,n 
. unified dark frame are commonly referred to as a 'ho, p.xels,' wh»e pixe s that are 
sisllf ,can„y darker man accent p.xel in a un.f,d bright frame are commoniy referred 

to as 'dead pixels.' „ _ _ 

The defective pixels are typically disputed in a random manner. However, a 
,ad — (r.e., a complete column is defective) or a blemish (i.e., a cluster o 
neighboring p.xels ,s defective) may occur and are typicaUy discarded b *e 
mlfacturer. Sensor arrays that contain random defective pixe, ,n an 
d „es no, exceedagivenlimrt are released, and me remaining bad prxels are somenmes 

be corrected in some other manner. 

Some CCD and CMOS integrated circuit color imagmg devrces employ 
pr0 cess of bad pixe, detection and correction. Conventtonally, the had ptxe, detechon 



step .sperfoJX-line by the manufacturer, before the paging device ,s sh, PP ed. A 

In — g an im a g e base, upon the imaging Oe.ee readout. T e a, P 
correction is performed by substituting the bad p.xe, vaiue w.th the vaiue of a pr 
specfied other ptxei, where, a ,o ok u P tabie created during the manufactunng Pto^ 
I used to .dentify the pre-specified other pixe, whose vaiue „ to be used Th, 

tebe t— ona, bad pixe, detects and correct process desc,ed has 
severa, significant drawback For examp.e, sotne of the array defects that cause ha 
, x e,s are Iperanrre and gam dependent, and thus may appear and dtsappear duo 
operation. Because these bad pixefs are not consistent* "bad," they may not be 
ted by the manufacturer, and hence, may not be corrected, fn add,t.o„, because 
net on step ts P— off-hne by the manufacturer, a non-voiatde storage 

increases the cost and complexity of the system. 

Summary " f ihp - Invention 
defectrve ptxefs w.thm an array of sensor ce„s and for correction or compensator 
reduced. !n parfcuiar, one embodunen, of the tntegrated cireu,, tmagmg system of t 

detectionofdefectivepixelsascomparedtoconventionalsystems. 

For example, one etnbodtment of the present invenfion prov.des an on-hne bad 
pixel detection and correction process that compares a firs, pixe, readout value w.th the 
eadout vaVues of other P ,xe,s ,n first ptxe,, ,oca, neighborhood. The average 
Lighted mean or median va,ue of the readout vaiues of the other ptxeis may be 



calculated. ThSculated value .nay also include .he first pixel readout value. Th,s 
lated value may be used m the —son with the firs, P ,xe, readou va,, 

the V alue calculated based on the readout values of the ncghbonng ptxel, a valu 
led to the readou, values ofthene^orinsptxelsrs used inplaceofthe firs, ptxe, 

readout value. . 

One significant advantage of the present invention ,s that the correct on o 
comp ensat 10 „ for some or all had pixels may he performed, mcludmg had 

lay be detected wfule the imagmg devices used on-hne hy a consumer or other e„d- 
use su c„as,nacameraor,heh k e. By contrast, conventional technioues only correc 
ba d pixels that were idenfified durtng the manufactunng process, hefore the tmagmg 
device is delivered to the end-user. 

Another significant advantage of the present system ts that „ prevents the loss of 
edg es in a reconstructed image. Conventional processes may destroy edges v,a the 

the high frequency content of the reconstructed .mage. 

mention correctshad pixels on-line, the nee, for had pixel loo* up tables is reduced or 
Lnated. Thus, the cost and complex,* associated wrth non-vola„.e storage untt 

systems is reduced or eliminated. Also, the system rs advantageously able t c 
iLual bad prxe, distnbuted — y ,n an »„ rather ,han solely a cluster or 

COlUm "I f —en,, ,he imagmg sys,em -des an array of p,xe, sensor cells 
ranged in rows and columns, a plurality of detection crcuits, and an array control er 
J, programmable readou, mode. The system may comprise a monocle o 
color imaging system. If the imaging system rs a color imaging system, then a colo 
I layer compnsed of several color filter components organtzed in a predefined 
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J, and b ,ue niters (RGB) or a complementary color system arranged - a Bay. 

^ , one embod,me„t, the .magmg system .ay further **• 

sta ges ana,o,,o-d lgI ta, — units, memory - and vanous other s,^ 

onaseparatechiporcircuitboardthantheimagingdev.ce. 

int egrat! chcuh, or may be color tmaging system employed, by way of example, 
CCD imaging d v,ce w„h approve color filters. * one — a s.gna 
llg cL is used ,o detect and correct defect or bad p.xe, The s.gna, 
pITsin cncmt «■ « - ^ ^ ^ U,,teeS 

In one en—, ,he color paging system envoys an on-the fly b d « 
detection and — process ustng a s.gna, processing procedure p— 
readout of the imagmg de.ee output srgnals, while «- s.gnals are - ^ 
form This on-the-fly bad pixel detection and — process „ cap* of ™dom 
readout and includes progra— g,n angers, . A» — ^ 

m ode of operation, the signal proeessnlg urn. performs the detection 

inuucu ^ nixel whose value is being 

vertical and diagonal conditional median filters. If the pixel wno 

:i:wh lc ; , - *,« . — ^ a — - : 

T , etofoixels the is not within the condition Hmits, Us value ts replaced ,n the 
n Z value may be determmed by the d.rectiona, median 

Jan, we.ghtedmean.oraveragevalueoftwo or more pixels, the nerghborhood ,n 

which the bad pixel is situated. xj nW ever 

m one embodiment, the imaging system uses random access readout. - 
t he imagmg system may a,so use a p.petine architecture, a parallel readout archr.ectu. 
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column shrft refers and several line storage units, such as random acces merno^ 
(RAM) in d.gha. domain or capacttors in analog domain. In a paralie readou 
architecture, several pixeis per coiumn can be read srmultaneously v,a mdependen, 
column buses and stored in registers. 

In still other embodiments, the imaging system forther combines the on-the-fly 
b ad pixe, detection ft correction with vanous readout modes such as wndowing an 
sub-samphng. In one embodrment, the imagmg system uses addttiona, srgnal 
processing such as on-the-fly color interpolation. 

The pixels of the imaging system are not recurred to be orgamzed rn 
.octangular matrix. A simiiar implementation can provrde on-the-fly bad prxe, 
correction and detection for color imaging system and/or different pixel topography via 
m od,„cation to the readout control, the pixe, neighborhood size and configuration. For 
example, a color imaging system with an RGB Bayer pattern may use a 5 x5 p.xel 
nelg hborho„d out ofwhich pixels of the same color component as the pixe, who value 
is being examined are selected for the filtering process. 

Rriaf Descri r*'"" " f "swings 
figure 1 illustrates one embodiment of an imaging system coupled to a 
television. 

Figure 2 illustrates one embodiment of an imaging system coupled to a 
computer. 

figure 3 illustrates a Bayer pattern color filter for the primary color system, 
figure 4 illustrates one embodiment of a CMOS m.egrated circu,,, monochrome 
im agingsystemthatsupportson-the-flybad P ixelde,ection & correction. 

Figures 5A-B illustrate one embodiment of an on-the-fly bad prxel detection and 
correction process rmplemented by the circuit of Figure 4. 

Pigure 6 illustrates an exemplifying 3 x 3 block of pixels w.thrn the system of 

Fi8Ure figure 7 rllustrates an exemplifying 5 x 5 block of pixeis usmg the primary color 
scheme and the Bayer color pattern where the middle pixel is red. 
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P^ests^sanerfnsSxSMoc.ofpix.susins.hep^co.r 

value , . P ,xe, value, and a — ptxe, valne ,„ a ,0. o t 
P1Xe ' S ' getaUedDescnptal^^^ 

— r-— - — — ~- rr 

re adou« value may be used. The term prx ^ ^ 

digital readout value, a digitized versron of the analog 

..ansformedptxelreadoutvalue. described below use a monochrome CMOS 

The exemplifying imaging systems desenbed below 
integra ,ed erreurt, an array of prxels organrzed m a — lar - ^ 

mW filter with a primary color system (RGB) m a Bayer 
version, a color inter wnn <x V ^ 
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™ i t«n such as the complimentary color system 

-t;.::;r:;-- — — — , 

Ine imaging y other signal 

r:; :r: 

-"•rrr 
rr^:i— -— — — - 

,rrD sensor array located on a separate substrate. 

100 includes a lens 102, a sensor arr y ^ 
and sensor array 104. The lens y 

„, r::.*- -~ - L — 

camcorders, video telephones and the hke. 

Fiaure 2 illustrates one embodiment of m unagmg system 122 coup, 
, Z ra a universa , sena, bus (USB) cable 124. The exemplify system 
122 includes a lens 102, a senso V ^ 
a readout control ,06, g am amphfiers 108 o r ea c ^ 
118 , a USB interface 120 and a power supply 112 P 
ci rcu,try and sensor array 104. !n one embodiment, the ,ma gl n g system ,22 
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Bayer color pattern 130 for 2 
detect light. The pattern core is a group of 2 by 2 p-els 

t, 134 136 one red component 132 and one blue component 138. The 
components 134, 13b, one blue 

™nnents 134 136 are diagonal neighbors, and the red an 
green components 134, Thus the green resolution of the array 1S 

co mponentsl32,138 ared 1 a g onalne lg hb 0 rs. Thus, t * ^ „ 

♦■ nf ?-l horizontally only, while the red and the blue 
reduced by a ratio of 2.1 horizontally ^ ^ 

employ CCD mtegraieu implemented using 

^■«it Q i The sienal processing unit may r>e imp 
ma y be analog or digital. The signa p 

tasks, or a programmable circuit, such as a DSP, ophm 

""Is illustrated in Figure 4, the system ,8 — a bad pixel detection an, 
t 20 0 a pixel data output hne 201, an analog-to-digital (VD) converter 
correction urn, 200, P e ^ a ^ ^ ^ 

208, an analog amphfier 210, a column ^ 
2,4, a pixel address generator 2,6, a row coordmate hue 226, co.unu. 

• • » line swctoonization signal 220, a pixel clock 

230, a frame synchronization srgnal 218, a line syn 
• „ ,22 a control signal 224, a first column readout line 234, a 

H I 2 a third colunm readout line 238, a fust switch 240, a first column 
readout line 236, a third ^ ^ ^ ^ ^ 

buffer 246, a second switch 242, a ^ ^ ^ 

line 238 a third switch 244, a third column buffer 250, a 



• Une 26 4 a third row readout fine 266, a firs, row buffer 252, a 
second ro w ™ 2 ^ 256 , a firet pixel 258 , a second pixe, 260, a 

second row buffer 254, a tnira fo Qne 

to d ptxe, 266, a fourth ptxe, 26S, and an opttona, - g e u 

det ecfio„ * eorreefion when wurdowms and ^ fte 

inV enfion, however, , not hunted to a monoehro n. = ^ ^ 

tnvenfionfirnitedtnitsnrodeofoperattonandeanhee^ . 

sub -san,fin g v,a the pros— ^^J^^^. 

tn firmware stored in the imaging system. For examp 
firmware according to firmware stor nn a vlde0 camera containing the 

system. . nrnressine un it 200 that allows bad 

a t^P^tem 198 contains a signal processing unn 

■tonn treats the bad pixels as random shot noise 

— P — "11—^ ^Tofthep^u.nstheeo^ 

and row decoders 212, 214. in detection step via 

processing umt 200 rfiustrated ,n Rg ure 4 perforrn 

. iTell Xty" rarTd— I hy the direct- med.au that possesses the 
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■ a .rihed below The value chosen can be ekher the median or 
minimum variation, as described below, me 

m aVerag6 ' u ^ tn f 9n „n the-fly bad pixel detection and 

Figures 5A-B illustrate one embodiment of an on-the lly b p 

correction process in iun iw detected even 

pres en, -nvention advantageous* pennits bad or defect.ve p.xds ,o be detected 

the Camera ' rft ■ ^ block of pixels within the system of 

33 °' , • tt . «a r is described with reference to Figures 4 

The process illustrated m Figures 5 A-B is describe 

♦ ,m of Figure 5A the column and row readout circuits 212, 214 
and , In a start state 502 of F . A ^ ^ ^ ^ ^ 

UlustratedinFi g ure4Areadota3x3p^ The pixel values may be those 

=5===?= 

Figure 4 P^es — 3 — — ^ 7 ^ second ml dd,e 
diag „„a. sub**. T e x ^ ^ ^ ^ 

* h0 °t r toS The tntdd.e vertical sub-bloc. copses the 

fifth and s.xth ptxels 308 3 0 2. ^ 
seeond, fifth and eighth pixels 304, 310, 310. 
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copses the "** and ninth ptxeis 302, 310, 31S. The second m,dd,e d,agona, 
pix e,sub-b,o Ck con 1 pnses,he«, fifth and sevent h p,xels 306,3,0,3.4 

ta a process state 506, the bad pixe, detection and correction unrt 200 
tne distribution for each 1 x 3 sub-b,oc k , i.e., the absolute difference between *e 
hl „est and the iowes, pixe, sensor element values in a , x 3 su,b,oc, n a proce 

th e minimum vanance, i.e., the b,oc k wtth smahest abso,u,e deference. In a ^ 
stat e 510 the bad pixel detection and correction unit 200 determmes the med.an value 
Teall x 3 sub biocU bv sorting the three prxe, values m each , x 3 sub-bioc. from 
l:rtoh lg he, F orexa m p,e, 1 falx3b,oc kh asva,uesof 1 0,15and,00,the 

median value would be 15. 

determmes whether the value of the ongma, middie pW-3.0 illustrated ,n Pigure 
eX ceedsthemedianva,uesof,hefour,x3su,b,oc k , Ifm e original nnddieptxe, 

value exceeds the medtan vaiues of the four 1 x 3 sub-b,oc k s, then m a process , 
514 the bad pixel detection and correction unit 200 replaces the ongma, m.ddie p e 
, anfthpl v 3 sub-block with the minimum or smallest 
310 value with the median value of the 1 x 3 sud dio 

vm ancefo mdl nprocessstate 5 0S. Effective,, the bad pixe, detection and — . 
^,200 ptCcs the smoothes, edge. Thebadpixe, detection and correction un 200*en 
Z- t e rep.aced midd.e ptxe, va,ue via p.xe, data output hue 20, for further 
Lsing as .performed ontheotherpixeis. ,„ a process state 5,6, the ptxe.address 

4 , advance to the next cotann, such that the midd,e ptxe, ts now the s.xth p.xe, 3,2 

illustrated in Figure 6. 

If , he unit 200 determines that the ongina, midd,e pixe, 3,0 vaiue does not 
exceed the median vaiues of the four , x 3 sub-b,oc kS , then ,n process state 5 16, t e 
pixe. address generator 2,6 and bad p,xe, detection and correction unit 2 0 advanc 
henextco^.suchthatthemiddieptxelisnowthes.xthpixenn.nF.gure,,^ 

, h e,astco,umn in thepixe, array ofFigure4. ,f the p.xe, address generator 2,6 has not 
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exceede d die * - P- - generator 2,6 - the - 

LeLs , events,' such .ha. the m,dd,e pixe, ,s now the eighth pixe, 3,. In 

,e 522 the address generator 216 determines whether it has exceeded the 
deC,S, ° nSt t !f gur e4 If the address generator 2,6 has no, exceeded the ias. 
" "Z I r 21 .d the bad pixe, detection and correction unit 200 

row in the array, the generator 216 and 

beg ,„ to process the next 3 x 3 b.ock. If the address generator 2,6 has excee 
r o W1 n«hearray,.hegeneratorstopsinastopblock524. 

The bad pixe, detection and correction process may also be described 

tthisexampicthepixe, neighborhood used isa3x3group as foUows: 
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hardware. 



^(0,0)' ^(0,1)' ^(0,2) 
%0)>%1)' %2) 



in, using the digged pixe, value, ^J^^^ 
th at inCude .he midd,e P^W^ Xariab.es Max and Min as follows: 
median values are assigned correspondingly 

mMax = Maximum [ Median (X (1 ,„, *„,,>, *<u>>. Median *'•'> 
(1)Jfc Median^o,^,,.).^))'^^ 2 ^ 0 ' 0, <2 ' 0)) 

=Minimum[Median(X 0 , 0) ,X 0 , 1) ,X 0 , 2) ),Median(X ( „, 0 ,X 0 ,, ) ,^, 1) ), 

(3) Th e ratios of the middie ^^^X^^ 
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(4)If ( JS«) 

median value of one of the s physically d,s«an. 

follows: 

(5) Fonance = Minimum ( |* (1 , 0) - * (1 ,2) I, " %D I' ^>,0) " %2) 

1^(0,2) -%0) I) 

(6) If Variances {X m ,X {hX) ,X {X>2) } Then 

(7) ^(i,i) = Median {X 0>Q) , X {lA) , % 2 ) ) 
(8) If Variance e {X {QA) ,X {lA yX {2A) } Then 
(9) X (1>1) = Median (X (0)1) , %i)) 
(10) If Variances {X (0(0 )>^(i,i)>%2)} Then 
(1 1) X {lA) = Median (X {m , X (U) , * (2 ,2)) 
(12) If Variance e {^( 0)2 >^(i,i)'^(2.o)} Then 
(13) X (U{) = Median (^ (0 ,2)> *(i,i)» X W)> 

Flg u,e 9 illustrates an exemphfymg circuit used to locate a minimum pixel 
value an — iate pixel value, and a n— pixel value in a group of three 
mxels, such as one of the groups used in the above e q uat,on, This - may e 
lamented m a gate array, a field prog— gate array, a custom mtegr, 
clr cun, us ing discrete ,og,e, or ,„ software. OptionaUy, the .llustrated crrcmt 
seated four times so that the pixels having the mmrmum, maxunum, and u—ate 
value for each of the pixel groups (X ( ,,„„ *<,,,„ (*<»,»,> 

using only one circuit. 

m the illustrated example, pixel 1 corresponds to *«,,„,, pixel 5 corresponds to 
%1> and pixel 9 corresponds to X,, ly The corresponding s.gns sgnA, sgnB, sgnC, of 



-14- 



Thesignsoftheresunsareusedtoaddressatook-uptab,, A positive sign and 
anegalsignUa-rTorpurposesofaddressing. The loolotp table maps the s,gn 

has a normalized value of 0.9, ptxe, 5 has a normahzed value of 0.7. and p,xe, 9 has 
normalized value of 0.8, then 

sgnA is positive, or a "0" 
sgnB is negative, or a "1" 
sgnC is positive, or a "0" 
Thus, the address ,s a 0,0. The location —on a, the locatton addressed by 010 
ld en«ifies pixel 5 as havmg the minimum value, ptxe, value havtng a nuddle 
mtermedtate value, and pixel, — ^^^T^ 
diff erence between the highest and the lowest ptxe, eletnent sensor value ca nted 

intermedtate, and lowest medran value front a group of tnedtan values, as performed 
Equations 1 and 2 above. 

„ is hnportant to note that the present tnvention ,s not hunted to 
embodtments discussed above. Other configurations may be implemented ,n 
accordance with the present tnvention. For examp.e, in one embodiment, mstea o 
in addttion to using stratght 1 x 3 diagonal ptxe, sub-blocks, the address generator „« 
an, bad pixel detection and correction unt, 200 may use a semi-dtagona, x 3 
block, such as the third, fifth and eighth ptxels 306, 310, 3,6 of the block titrated 
Fig ure 6. ,n another embodtment, the address generator 2,6 may use a sem-dtagonal 
x3 sub-block,suchasthethird,fifthandninth P ixels306,310,318. 

m still another embodiment, instead of or in addit.cn to using the vanous , x 
pIxe ,sub-b,oeks discussed above, the address generator 2,6 and the bad p.xe. detection 
and correction urn. 200 may use the complete 3 x 3 ptxe, netghborhood for one med.an 
filtering of the 9 elements. In still artother exemplary embodiment, the mean values for 
all the blocks in the neighborhood are utilized, rather than median values. 
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ta „therTbod,ments, the bad pixe, correction does no, rely on nurumum 
variance. For exampie, any of .he medtan va,ues can be chosen arbitrarily as .he bad 
pixe, rep,—. Further, Cher values, such as ,he average vaiues of some or a„ of 
the pixels in a block or group may be used. 

ta anodter embodimen, .he address generator 2,6 and bad p.xe, de.eOon and 
correction unit 200 may be configured to use other stzes of blocks or groups 
For example, a 5 x 5 pixe, block .nstead of a 3 x 3 block may be used, such that each 
m edian is seiected from a , x 5 p.xe, sub-b,ock instead of a , x 3 sub-block. In one 
embodunent, me pixe, to be examined may be included in each 1 x 5 p,xel sub- loc • 

positioned on two sides, may be used. Omer embodiments may detect and correc.ptxel 
lues using me values of pixels ,n a two dimensiona, neighborhood having other 
geomoric shapes, such as circular or trian g u,ar, y shaped neighborhoods, or ustng 
netghborhoods havtng lr regu,ar shapes. In stil, another embodiment, rather than us.ng 
0 „,y pixe,s within a neighborhood in de.ec.ing and correcting pixe, fadures or 
misread.ngsforpixeiswtthinthene.ghborhood.anarraypixe.smaybeused.w.thmore 

weigh, bemg gtven to those pixe,s proximate to a pixel whose value is being .nspected 

and/or corrected. 

Furthermore, for color .magmg systems, a block w,.h color f,„er component 
ma ybeused. Forexamp,e,aco,orinvagm g system wrth an RGB Bayer pattern may use 
a5x5pixe,neighborhood out ofwhtch only pixe,sofme same co,or component as the 

ml dd,e pixe, are used for the ffltering process. Figure 7 i„us.rates an exemphfymg 5 x 
5 sub-b,ock of pixe,s ustng the primary co,or scheme and the Bayer color pattern where 

plx e, detection and correction unit 200 applies the same genera, process shown m 
figures 5A-B, except that only the red ptxel va,ues 352-368 are used in ,he , x 5 p.xe, 
sub-blocks. 

figure 8 .Hushes an exemplifying 5 x 5 block of pixels using ,he pnmary co.or 
scheme and theBayer color pattern, where .he middle p.xe. 390 is blue, to Figure 8, .he 
p,xe, address generator 2,6 and ft, bad p.xe. detection and correction uni. 200 apphes 
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the same generals shown ,n Figure 5A* except ^only - «*- — 
382-398 are used in the 1 x 5 pixel sub-blocks. 

ta one embodrment, the * system of the present — n uses ™d„m 
access readout. * other embodiments, the imaging system uses afferent 
Mentations such as a ptpeline archrtecture or a parahel readout a—. A 
ZL architecture may use a S e q ue„„a, readout v,a row and co.umn « refers 

or capacttors in anaiog domain. This tmplementation may reduce the complex,, 
^ circuitry , b u, may reo.u,re addtttona, memory or storage Cements , = 

3 p lx e, regtster delay ctrcurt may he mserted before me had ptxel detec ou an 
coition unit 200. The column address decoder may optionally be replaced w.h 

^ in a parallel readout architecture, severa, pixe.s per coiumn can be 
sim u,taneous ly via independent coiunmhuses and stored rnregtsters 

ln other embodiments, the unaging system further combmes the on-the-fly bad 
pixe , detection * correction with various readout modes such as windowing and sub- 
Ctg. In one embodtment, the tmag,ng system uses addtttona, stgna, process 
such as on-the-fly color interpolation. 

As prevtousiy discusses, the pixels of the tmaging system are no, reared <ob 

Zgraphy v,a modttication to the readout controi, the prxe, nerghborhood „ and 

"""C aescnbed above, the vartous embodrments of the present mvention 
advantageou'siy provides an on-line, on the fly defective pixe, detection and correct^ 

detectionofdefectivepixelsaseomparedtoconventionalsystems. 

The invention may be embodied in other spectftc forms wtthou, departing from 
lts spirit or essential charactenstic, The descnbed embodtment ,s to be centered tn 
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* respects oni^s iUus.ra.ive and no, — e and .he scope of the — ,s 
before, .„dic,ed by .he appended claims rauner .han .he foregoing descnp,on. A 1 
cha n g es W h,ch come within .he meanrng and range of e^vatency of .he Cms are .0 
be embraced within their scope. 
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